
NASA GRC HOTPC PMC Project Overview 
James K. Sutter 

NASA GRC 

A review of NASA GRCs Higher Operating Temperature Propulsion Components Project 
(HOTPC) on polymer matrix composites (PMCs) will be described. The summary includes 
research from NASA GRC in-house, university and industry's cooperative programs. Current 
research emphasis focuses' on developing high temperature PMCs used in rapidly heated 
structures, erosion coatings for PMCs, nano-materials compatible with polyimide resins, and 
development of more durable high temperature PMCs. 

This is a preprint or reprint of a paper intended for presentation a t  a 
conference. Because  changes  may b e  m a d e  before formal 
publication, this is made  available with t h e  understanding that it will 
not be cited or reproduced without the  permission of the author. 



Q) 
L s 

Q) 

w e 

e 3 
rn 
S '* w e 
B 

' 

-I 
0 
0 
cy 



3 
2 
a, 

a, 

.- 

6 
E m 
I 
0 
0 
a. 
A 

L 

n 
06 w 
a 
m 
3 
0 
I 
S 

A 

I 

I 

A 

a 
X 
a, 
L 

n - 
.I 

c, m 
S 
S 
0 
S 

.- 

.- 
0 
.- > 
3 
m 

E 
6 

S 

0 

a, 
.- 
I 

a, o 

G O  

- >  m .- 
Z3W 
s -  

o s  
.- 

O 3  
A 

I- 



a, 
0 
(D 
P 
u) 
0 
c/, 
u) 
a, 
0 c, co 

* 

F 
P rn 
% 



S 
0 
v) 
3 
ZT 
0 

.I 

I 

L e 
a, 
3 
a 
a, 

L 

+ 
L 

2 
a, 
I- 
m 
S 

a 
a, 

.I 

.cI 

L 

0" l  

I 



.. 
L 



cn 
S a c 
0 
fl 

c, 

E 
0 
0 

d- 
3 
3 
N 
- 

r9 
0 
0 
N 

- 

N 
0 
0 
N 

- 

7 

0 
0 
rn 
- 
0 
0 
0 
c\I 

LL 
> 
- 

4 

I 



0 v) 0 
7 0 0 

0 m 0 m 
0 (\I c\I 7 

9 8 0 8 8 8 8 0 
9 

0 
0 
d 

0 
m 
(3 

0 
0 
(3 

0 m 
CV 

0 
0 
Cv 

0 
m 
7 

0 
0 
r 

0 
m 

0 



v) 
U 
W 
3 = 
0 
2 A 

I 
I g 

' 0  
Z 

0 

c) 0 

I" ,d 
I ,#' 

3 
A 
I 
I 

I 
I 

\ 
0 

-* O' IT z 

Q 



i; 
0a 

rc 
0 m 

a, 
S m 
Q 

.- Q m I c 
O m  c d  

v 
U 
S 
a, 
V 

v) 
v) 
0 - 

E 
0 
V 
V m B 0 

c) 
.- 
3 

4 3  
V 
3 

0 
S 
-w 
.- 

L 
.I 

L .- m 
* x c  

v) 
a, 
N .- 
S .- 
rn 
Iz 
m m 
.- 3 

v) W 
X 
0 
2 c 

.- 

W 
a, 
c m 
.- 

E 
0 
V 
V m 

S 
0 
Q 
3 

.- - 
v) 
v) 
0 
V 
L 

.. 
m 

I- 
V 
U fa 
7 

.- W 
0 
Q 
1 



1 m 
rl 

& - z  e 
S m c 
CI 

L 
Q) 
_c 
m = I- 

+ 
Q) 

3 u 
L 

L 

v) m 
I 
m 
rl 

& z e 
w 
Q) 
E = I- 

8 
c 
0 
U 
)I 

L 

m .  
l 

e . e  I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

e /  I f =  
I I 
I I 

/ I 
/ / 

/ / 
/ / 

/ / 
/ / 

/ / 
' 0  m '  

0 0 0 0 
03 a w N 
c3 c) c3 c) 

3 6aP 'sl 

0 
0 
In 
N 

3 r 
L L  

0 
0 
0 
N 

0 
0 
m 
7 

w 
Q) 
E = I- 

8 
c 
0 
U >. 
I 

L 

CA 

a, 
3 
m 
a, a. 
a, 

.- 
L 

-w 
L 

E 
-w 

L a 
0 
3 

V 
0 
Ln 

0 



00 m 
7 

U 

0 0 0 0  m w m n l  
7 - 7 7  

0 0 0 0  
m o o r - c o  



- E  
0 u 
0 
E 
E 
a 
E 
crf 
E 
*r( 

m 

2 

ccc 
0 

8 
E-r 
E 
0 



to 
S 
Q) 
S 
0 
Q 
E 
0 
CI 
c 
0 
cn 
3 
Q 
0 
e 
0 
3 
rn 
Q) 

U 

.I - 
L 

L 

+J 
L 

F 
Q) c 
P) 
S 

a 
Q) 
Q 

.I 

U 

b 

0 
L 
Q) 
IC 
VI 
I 
.I 



I. 

s 
0 a 
0 
Q 
L 

4 a a a  

a cl 

Q 
J 

a 
a, 
E 

w 

I 



4 E  
0 0 0 

(v 
N 

w- cn 



v) 

S 
c, 

* c )  
Q 
I- 

Q) 
0 
)r 
0 

OL 

0 n c a 

E 
0 
.c, 

a, 1 0 
0 = 

0 
e 
3 

U a s  
0 0  2 9  

3 
m e  

a . n  
e 
0. . 

0 0  0 0 0 I 



cn 
S 
Q) 
I= 
0 
Q 
E 
0 
0 
S 
0 
cn 
3 
Q 
0 

Q) 

3 
CTI 
Q) 

.cI 

.I 

I 

L e 
L 

CI 

L 

z 
c) 
I- 
m 
S 
.I 

CI 

L 
CTI 
Q) 
Q 
0 
L 
Q) c 
u) 

I 
.I 

S 
0 
v) 
0 
a, 

CTI 

0 
x 

.I 

L 

L 
.I 

c, 

5 rc 
m 

Q) c 
3 
d 
x 
0 
CTI 

.I 

L 
L 

L 

E 
d 
3 
v) 

ICJ 
Q) 

;E= 
IC3 
.I 

0 

.I .I 

I *  .cI CI " m a  
E o 0  
G O O  

0 . 0  

3 
0 
PI 
d) 



- 0  
4 
I- 
O z 
6 * c a 
S 
0 
Q 
E 
8 

Q 
0 

h 

k d 





0) 
< E  

cn 
a, 
!- 
a, 
4 m 
t- 

.- e 

- 

I 
L 

b 
0 
0 
cr) 
W 
6 

e 

S 

e 

a, 
D 

S 
.I 

E * 
v) 

e e 

2 

E 

a, 
a, 

0 
a, 
a, 
0 
0 a 
CD 

v) 
a, 
m 
m 
S 

- 
L 

9 

\ 

.I 

E 
.c, 
v) 

CD 
F 

S 
0 
u, 
3 
4 

Q 

=- 

4 

I- 



e e e e 

n 

6 
D 

E 
I- 
N 



x 

m 
Q m 
n 
u) 
0 .- 
L 
w E 
a, n 

e' . 


